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This report contains a summary of accomrlishments during
the first six months of a two pl ase research program to
developr methods, tooling concepts, and processes to control
the time-temperature characteristics in the weld and heat
affected zone, in order to improve tensile progrerties and
recuce porosity in aluminum weldments.

The results of the first phase, which consisted of a
survey of literature and industry, were reported in ..ugust.
Equipment has teen modified, with instrumentation installed
to monitor welding variables. :in evaluation of radiometers
for application to the program was started. reference Weld-
ments, without chilling, were made in 5/16'" and 1/2" thick
plate. Preliminary studies, usinpg liquid CG,;, indicated
adequate chilling can be effected to alter weld thermal pat-
terns.
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I. ACCOMPLISHMENTS PREVIOUSLY REPORTED

4, Summary

During the four month period of Phase I, 63 reports of
previous work in related fields were reviewed, and 17
industrial and governmental organizations were contacted.
3y combining the pertinent information from this survey
with the original technical concept, a program plan was
developed for the experimental work to be performed in
Fhase II., Materials of long lead time delivery have been
procured and preliminary modification of equipment has
progressed to the point where experimental work can be
initiated.

B. Literature Reviewed

The purpose of the survey was to obtain information
which might be helpful in the parformance of this program,
by avoiding duplication of effort and/or by suprlementing
the original program concept.

Current abstract bulletins published by the National
Aeronautics and Space Administration (STAR) and by the
Defense Documentation Center (TAiB) were checked for
reports of work pertinent to fusion weldingz of aluminum,
and significant reports were acquired for review. A
similar survey was made of applicable technical books
and periodicals, including those of the American Welding
Society, the American Society for Metals and the
American Institute of Mining and Metallurgical Engineers.
Particular emphasis was devoted to issues of the Welding
Journal published during the past ten years.
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cast structure was ohtained. 11 of this work was rerformed
on 0.090" rhieck 201% and 20Z% aluminum alloys. In one set
~f experiments the chill hars (boath tor and hottom) were
cooled witii brine at -459F, In a second sat, for which data
has just been published, the chill bars were cooled with
liquid nitrogen. 1In each case, welding was ;erformed after
the rarts to be welded rrached a s~lected temperature, -20°0F.
and 2500F. resrectively. Difficulty with, concdensation of
moisture on the parts was overcome by enclosinz the part in
a flexible plastic hag containinz dry arz:on or helium.

large amount of work 25 bhe~n done and {s currently in
rrogress to improve the quality of weldments in aerospace
comronents fahricated from aluminum. Althouzh only a few
specific studies have apparently been conducted on a labora-
tory basis for determining the effect of time-temperature on
prorerties of weldments, a good many of the process controls
adopted for shop welding are aimed in the direction of con-
trolling thermal ratterns,

D. Experimental Program

The experimental program will consist of two essential

steps, The first will be to establish realistic target
thermal patterns designed to improve the weld properties,

and the second will be to devise and test various means of
providing the time-temperature controls required to attain
the optimum thermal patterns for welding the plate in two
thicknesses, 1/2" and 5/16", in each of two alloys, 2014%4-
and 2219-T87. VWelding will be performed in the horizontal
position by the Semi-Automatic TIG process, using direct
current straight polarity, on square butt joint preparation,
with 2319 filler wire., It is contemplated that cryogenic
liquids and auxiliary heat sources will be used to alter
thermal patterns during welding. Tensile tests and hard-
ness surveys will be used to correlate mechanical nroperties
with thermal rattern.
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Sixty-three reports were selected for review and were
classified under three general sutject areas according to
their principal interest to this program: (1) Time-
Temperature Studies, (2) Heat Flow During Welding, and
(3) General Welding Techniques.

No reported or unreported work was found which would
indicate that any part of this program is a duplication
of effort. A considerable amount of information was
obtained which will facilitate the experimental ;ortion
of the program, particularly that work pertaining to heat
transfer analysis and specific welding techniques
currently in use for fabricating aerospace structures by
welding the particular materials involved.

C. Organizations Contacted

Those organizations and individuals who were considered
to be involved in work relatec to this program were con-
tacted for personal interview or for interview by telephone.
The cooperation was excellent, and in some cases special
data were furnished and tours of plant facilities were ar-
ranged. In general, a great deal of interest was expressed
in this program,

It appears that at the present time, no specific work
is in progress to develop data in addition to that already
reported in the literature for development of time-tempera-
ture controls or theoretical heat flow information for
welding of aluminum alloys.

However, in some work recently completed at Frankford
Arsenal it was determined that three significant trends
were noted in the microstructure which indicate the merit
of the use of super-chilling during welding of aluminum:

(1) the amount of micro-porosity was substantially lessened,
(2) the width of the zone of grain boundary melting at the
interface was reduced appreciably, and (3) a finer grained
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II1. ACCOMPLISHMENTS DURING THIS REPORT PERIOD

A, Summary

The principal effort during this reporting period was
devoted to finalization of equipment modification, and
instrumentation of principal welding variables. Prelimin-
ary steps were taken for evaluation of infrared radiometers
applicable to the program. Welding of 2014-T6 plate without
special chilling, but with monitored welding variables was
begun. 1Initial experiments on chilling indicatec that liquic
COs 1is capable of extracting a sufficient amount of heat *o
alter the thermal ratterns in the weldment,.

B, Modification of Zquirment

1. General

, The weldin: equipment was supplemented 2nd modified
so that experimental welding could be started, .dditional
modifications were effected to proticde heat nvtraction from
the back side of the weld by means of liquid CUp jets, and
for scanning the weld area by means of infraved radiometers

to measure thermal patterns.

2. Weldiny Equirment

a. General

Equipment has been set up so that weldin: can
be performed in the "free' state in the horizontal position.
Test panels 12" x 48'" are welded from one side only, using
the square butt edge preparation. Helium shielding gas is
used on the arc side, and 2319 filler wire will be used as
required to obtailn acceptatle bead contour.

5. Welding Power Supply

A duplex Miller DC rectifier type welder, M-hdel
No. 600/1200, with superimposed high frequency, is used to
supply the welding current.
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c. Side 3Beam and Carriage System

A 12 ft. Berkeley-Davis System Mndel No. TC4
has been mounted on a rectangular support frame fabricated
from 2-1/2" diameter tubular steel pire which is anchored
to the floor and to the building structural members. The
side beam carriage speed is controlled by an electronic
governor (Model EG-2) for travel speeds ranging from 4.4
to 72.C01 inches per minute.

d. Weldingz Torch

An Airco HP-503 Heliweld holder with metallic
nozzle of 5/8" and 1/2" orifices has hern acdapted for semi-
automatic welding using £/32" and Z/1%8", 2% thoriated
tungzsten electrodes,

e, Wire Foed

‘n sirco filler wire feed with wire positioner
has hzen installed on the carriage system and fitted for
2/54" and 1/16" wire.

£ Darmeal Blotriien
. Fani€as frRcuT e

The fivture for posi:ioning the weld panels in
the horizontal rosition consists of a frame faoricated
from 1/4' x 2" x 2" anzle iron, with a '"free" avea nf 4
inches on each side of the w~ld centerline. The panels are
clamped to the fixture by means of angle clamps which were
machined for each thickness.

2. Chilling System

Jets of various orifice size, flexible hose, and
a 250 1b. tank of liquid CO, were obtained. 4n attachment
bracket for pnsitioning the jets was mounted on the back
side of the weld carriage system. The location and number
of jets are aujustable.
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C. Instrumentation

1. General

Instrumentation has been set up to monitor all vari-
ables which are significant to this program, including weld-
ing speed, welding current, and time-temperature patterns.

-

2. Welding Speed

sn ortical tachometer, utilizing light reflections
from the carriage drire motor shaft, is used to monitor
welding speed. The veflected 1i ht is directed into a
photocell, the signal from which is com erted into revolu-
tions per minute by a Hewlett-Packard Frequency Meter, lModel
£0CC. This motor speed is then calibrated in tevms of
travel spreed in inches per minute.

3. Welding Current

+ Weston D.C. “mmeter, Yodel 1, with a 7I0C amp.
shunt, was installed in the workpiecs zround leacd, which,
in conjunction with a Weston D.C, Voltmeter M-del 1, moni-

o g [ S o~ o

- P 3 N
tors tne welxuuﬁ current.

4, Time-Temrerature

4 Leeds & Northrup Speedomav 12-channel recorder
was modified to accomodate the required remperature range
(-30C to 2100°F), using chromel-constantan thermocouples.

A Huggins Mark 1 Infrascope (infrared radiometer)
and a Barnes scanning radiometer (also infrared) were ob-
tained for evaluation. Several other manufacturers of
similar non-contact temperature measuring systems were also
contacted. Freliminary evaluations incdicate that the in-
frared radiometers will be useful in transient weld tempera-
tures dJduring w2ldinz. Du=2 to their evtremely rapid respons:
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to temperature changes, they aprear to be much superior to
systems utilizing thermocouples. They are also capable of

a much greater versatility from the standpoint of continuous
temperature monitoring of points of fixed distances from the
arc. The major disadvantages aprear to be sensitivity to
changes in surface conditions (emissivity) of the weldment,
and cost. The price of a suitable fixed spot infrared radio-
meter is aporoximately $1,C00. The cost of scanning radio-
meters aprears to vary from apnroximately $4,50C to $515,00C
(most of these are made to order). The problem of emissivity
chanzes can be overcome bv the 1se of a coating (such as
colloidal zraphite), and some ini:ial tests indicated that
this method mi-ht Le aprlicatle to welds - at least an the
hack side.  not-er passible solutinn to the ~missi-ity
rrohlem mi-ht he the use of the "two-colar' vadiometers.

This type will %e imesti:ated Curing the nevt rerorting
neriod,

D. =wrerimental "ok

1. ostablishment of “ofercnce Telding ravameters

D]
D
[}
e
{
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I~ ~réer t» esta’lis% vefsrance data to which
future ~vperimental weldin: will »e comrared, weldments in
each of the aluminum rlate materials wera fahricated undar
monitored condirions without the use of ¢nillinz. Tha thermal
rattern data in connectinn with the mechanical and metal-
lurgical characteristics of these weldments will be used as
the startin; point for alteration of thermal ~atterns to im-
prove the rrorerties.

b, ~“erference Weldments in 2C14-T6 rlate

WYelclments of satisfactory physical ap-~earance
were produced in 5/16" thick and 1/2" thick plate using the
following welding parameters:

Thickness Amn, Volts VYeld Travel
5/16v 250 14 9.0 i~m

1/2" 200 18 6.5 ipm
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These weldments will e examined and tested
during the next reporting periond,

2. Freliminary Check-out »f Crvoz~nic System

Preliminary trials of the liquid COy system indicatecd
that more than adequate chilling effacts can ke obtained on
the tack side of the weld., . 270 1b. container with flex-
ihle delivery tuhe and a ~ariety of nozzles with orifice
sizes from 0.008" tn £.032" have been veceived. Evaluatisns
will he continued during the next resorting period to estab-
lish basic operating parameters for the experimental work.

1A O RACHO RI'E'S) HA NO __219¢C PAGE_ I1.,CC
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ITT. SNTICIPATED WORK FO' NIXT PEXIOD

During the next repnrting verind, it is expected that
thermal patterns and properties will be established for
unchilled weldments: evaluation of racdiometers will he
continued; and that initial thermal patterns, altered by
chilling, will be produced.
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